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(57) [Abstract] 

[Problem] Control problem with 2-step method of polypropyle 
ne terephthalate highly oriented undrawn fiber and, namely 
change over time ofthe fiber after yam-spinning give flexibility 
in production productivityimproving polypropylene 
terephthalate highly oriented undrawn fiber and its 
manufacturing method which can are offered. 

[Means of Solution] ft is a polyester fiber where polymer comp 
onent which forms fiber 90 mole% isformed at least with 
propylene terephthalate unit, polypropylene terephthalate 
highly oriented undrawn fiber which designates that thebelow- 
mentioned (1) to Formula (4) is satisfied as feature. 

(1) Strength ST (g/d): 2.0 ST 

(2) Birefringence n(10-3): 30 n 60 

(3) Elongation EL(%): 80 EL 250 
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[Claim(s)] 

[Gaim 1 ] It is a polyester fiber where polymer component whic 
h forms fiber 90 mole% isformed at least with propylene 
terephthalate unit and polypropylene terephthalate highly 
oriented undrawn fiber which designates that thebelow- 
mentioned (1) to Formula (4) is satisfied as feature. 

(1) Strength ST (g/d): 2.0 ST 

(2) Birefiingence n(10-3): 30 n 60 

(3) Elongation EL(%): 80 EL 250 

(4) I3oilmg water shrinkage SW(%):3 SW 15 

[Claim 2] Entanglement process is administered, polypropylene 
terephthalate highly oriented undrawn fiber which is stated in 
Claim 1 which designates that degree of intermingle CF value is 
3 or greater as feature. 

[Claim 3] When polyester highly oriented undrawn fiber where 
polymer component which forms fiber 90 mole% isformed at 
least with propylene terephthalate unit is produced, while with 
spinning rate 2500 to 4500 nVmin thetakeup manufacturing 
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method of polypropylene terephthalate highly oriented 
undrawn fiber which designates that it does thermal 
processingand retracts as feature. 

[Claim 4] Manufacturing method of polypropylene terephthala 
te highly oriented undrawn fiber which is stated in Claim 3 which 
designatesthat thermal processing is dry heat treatment of 70 to 
1 60 °C as feature. 

[Claim 5] Manufacturing method of polypropylene terephthala 
te highly oriented undrawn fiber which is stated in Claim 3 which 
designatesthat thermal processing is moist heat treatment of 70 
to 140 °C as feature. 

[Claim 6] Occasion where highly oriented undrawn fiber is recei 
ved, after yarn-spinning cooling themanufacturing method of 
polypropylene terephthalate highly oriented undrawn fiber 
which is stated in any of Claim 3 to 5 whichdesignates that oil 
feed , and entanglement process are administered to 
theaforementioned before heat treatment as feature. 
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[Description of the Invention] 
[0001] 

[Technologica] Field of Invention] This invention regards poly 
propylene terephthalate highly oriented undrawn fiber and its 
manufacturing method , furthermore details regardthe 
polypropylene terephthalate highly oriented undrawn fiber and 
its manufacturing method which are superior in fiber property 
stability and process passing. 

[0002] 

[Prior Art] Polyester fiber because it has possessed various chara 
cteristic which aresuperior with mechanical property as 
teginning, is widely utilized even in theindustrial material 
application with clothing application as beginning. 

[0003] Until recently, in order to obtain polyester fiber, melt s 
pinning it does thepolymer, pulling extends next, so-called 2- 
step method was general. Because this kind of, as for sufficient 
fiber which melt spinning isdone internal structure of fiber has 
not advanced, is inferior to dynamic propertyand dimensional 
stability, formation of structure with pulling extending withthe 
separate step and it was necessary to lock. 

[0004] On one hand, as for polypropylene terephthalate fiber, 
as seen in Japan Unexamined Patent Publication Showa 52 - 
5320 disclosure and Japan Unexamined Patent Publication 
Showa 52 - 8 124 disclosure etc,the for a long time it is known, 
elongation elastic recovery ratio is superior, Young's modulus 
to be low thedyeing behavior is satisfactory, we stabilize even in 
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chemical, it is a preferred fiberin clothing. 

[0005] But, because 1 ,3 propanediol of starting material is expe 
nsive relatively, as thesynthetic fiber so far it was not used. 

[0006] It was recent years and as disclosed with U. S. Patent No. 
5,304,691 specification etc, synthetic method oflhe novel 1,3 
propanediol was discovered, inexpensive polypropylene 
terephthalate fiber became possible and value wastaken a second 
look. 

[0007] However, according to examination of these inventors 
when 2 step production method ofthe conventional 
polyethylene terephthalate is applied that way, melt spinning it 
does polypropylene terephthalate highly oriented undrawn fiber 
and changeof internal structure starts from step which is 
retracted, so-called change over time wherethe fiber property 
chases day and changes being extreme you understood. 

[0008] That if change over time is extreme it does not modify 
condition with thepostprocessing , for example drawing and 
false twist step etc from yam-spinning with days tothe drawing 
fact that fiber of property which is stabilized isnot acquired has 
been shown. 

[0009] Because of this, when it produces, days management to d 
rawing andprecision management of stored state are necessary 
from yam-spinning, there wasa problem that burden to 
producer is large. 

[0010] In addition, As this Means of Solution, As shown in Jap 
an Unexamined Patent Publication Showa 52 - 8 1 23 disclosure, 
is yam-spinning , Continuing stretching process, there is also a 
method which uses one-step method whichis represented in DSD 
which it does, but as with said method knownwith polyethylene 
terephthalate etc, when you compare with 2-step method, 
toughness of thefiber becomes low, is not faced to application 
which high performance isrequired, there was a problem that 
cannot acquire drawing false twist method or othersupply raw 
fiber. 

[0011] 

[Problems to be Solved by the Invention] This invention is som 
ething which it tries to solve atovenrientionedconventional 
problem, control problem with 2-step method of 
polypropylene terephthalate highly oriented undrawn fiber and, 
namely thechange over time of fiber after yam-spinning give 
flexibility in production theproductivity improving is 
something which designates that polypropylene terephthalate 
highly oriented undrawn fiber and itsrnanufacturing method 
which can are offered as object. 
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[Means to Solve the Problems] In order to achieve above-menti 
oned object, polypropylene terephthalate highly oriented 
undrawn fiber of this inventionis polyester fiber where polymer 
component which forms fiber 90 mole% is formedat least with 
propylene terephthalate unit, is something which designates 
that thebelow-mentioned ( 1 ) to Formula (4) is satisfied as 
feature. 

[0013] (1) Strength ST (g^d): 2.0 ST 

(2) Birefringence n(10-3): 30 n 60 

(3) Elongation EL(%): 

(4) Boiling water shrinkage WS(%):3 WS 15 

In addition it is something which designates that manufacturing 
method of thepolypropylene terephthalate highly oriented 
undrawn fiber of this invention when polyester highly oriented 
undrawn fiber where polymer component which forms the fiber 
90 mole% is formed at least with propylene terephthalate unit 
is produced, whilewith spinning rate 2500 to 4500 m/min 
takeup does thermal processing and retracts as feature. 

[0014] 

[Embodiment of Invention] You explain in detail concerning be 
low this invention. 

[001 5] Polypropylene terephthalate of this invention, terepht 
halic acid is designated as main acid component, the 1,3 
propanediol it is a polyester which is acquired as main glycol 
component However, at ratio of 1 0 mole % or less, it is good 
being something whichincludes formable copolymer component 
of other ester bond. As copolymerizable compound, it can list 
for example isophthalic acid , succinic acid , cyclohexane 
dicarboxyiic acid , adipic acid ,the dimer acid and sebacic acid 
or other dicarboxyiic acids , etc on erne hand, as glycol 
component, for example ethyleneglycol , the diethyl ene glycol , 
butanediol , neopentyl glycol , cyclohexane dimethanol , 
polyethylene glycol and polypropylene glycol etc itcan list, 
but it is not something which is limited to these. 

[0016] In addition, hindered phenol derivative and coloring pi 
gment etc according to need can be added themicroparticle of 
silica or alumina as titanium dioxide and lubricant as whitener, 
as the antioxidant 

[001 7] As for polypropylene terephthalate highly oriented und 
rawn fiber of this invention it is important to satisfy thebelow- 
mentioned (1) to Formula (4) simultaneously. 
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[0018] (1) Strength ST (g/d): 2.0 ST 

(2) Birefringence n(10-3): 30 n 60 

(3) Elongation EL(%): 80 EL 200 

(4) Boiling water shrinkage WS(%):3 WS 15 

First, when intensity is less than 2.0 g/d, stretching process and 
false twist step or other process passingbecome bad and 
productivity decreases. As for intensity it is more desirable to 
be a 2.5 g/d or greater. In addition, when birefringence nis 
less than 30 X 10-3, change over time afterthe yarn-spinning 
becomes large, in addition because also oystallinity becorneslow, 
feather and single fiber winding attaching or other trouble easy 
to occur at timeof drawing, in addition when it exceeds 60 X 10- 
3, drawing, theimprovement width of birefringence cannot 
desire strength increase small, birefringence n 40 to 50 X 10- 
3 is more desirable. 

[0019] Furthermore, when elongation is less than 80 %, it beco 
mes thelow multiple drawing, yam variation becomes easy to 
occur with stretching process and false twist step,in addition 
when it exceeds 200 %, feather and single fiber 
windingattaching or other troubl e become easy to occur at time 
of drawing. In addition, when boiling water shrinkage is less 
than 3 %, heat caught withsuch as stretching process slack of 
yam to be easy to occur process passingbecomes bad when, in 
addition when it exceeds 1 5 %, supression effect ofthe change 
over time deterioration and variation of fiber property becomes 
easy tooccur small, boiling water shrinkage 5 % to 10% is 
more desirable. 

[0020] It is important manufacturing method of polypropylene 
terephthalate highly oriented undrawn fiber of this invention 
when polyester highly oriented undrawn fiberwhere polymer 
component which forms fiber 90 mole% is formed at leastwith 
propylene terephthalate unit is produced, while with spinning 
rate 2500 to 4500 m/min takeup to do thethermal processing 
and to retract. 

[0021] When spinning rate is less than 2500 m/min, birefringen 
ce n 30 X 10-3 or less becorneslow, feather and single fiber 
winding attaching become easy to occur at thetime of drawing. 
In addition when it exceeds 4500 m/min, so-called drawn fiber 
and structure becomeclose, cannot desire structure stabilization 
and improvement of thestrength with drawing, feather and 
single fiber winding attaching with drawingbecome easy to occur. 

[0022] In addition, while takeup it is important, to do heat trea 
tment, thestep of takeup and heat treatment is continued and 
construction stabilizationof fiber with heat treatment by doing, 
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is achieved, furthermore thechange over time after winding is 
controled, endface periodic unevenness of fiber whichoriginates 
in fiber shrinkage with change over time of winding yam and it 
is possibleto evade inside and outside layers difference. 

[0023] In each case of dry heat and moist heat treatment you 
can adopt theabove-mentioned thermal processing, but in case 
of dry heat treatment in case of temperature 70 to 160 °C and 
moist heat treatment it is desirable to be a temperature 70 to 
140 °C, when furthermore it is apreferably and a dry heat 
treatment, when it is a temperature 100 to 135 °C and a 
moist heat treatment, it is a temperature 100 to 130 °C. 

[0024] With this invention, it is desirable to administer entangl 
ement process after the finish application due to high speed 
stream in highly oriented undrawn fiber of above-mentioned 
before heat treatment. Making use of imparting entanglement 
nozzle, it is more desirable to be a processing pressure 
pneumatic 0.05 to 0.4 MPa Because uniform heat treatment 
becomes easy, by administering entanglement process due to the 
high speed stream, heat treatment time can be shortened. As 
for this treatment it is desirable to do in extent where theCF 
value which is a degree of intermingle of highly oriented 
undrawn fiber which is acquired becomes the3 or greater and 
more preferably 5 to 15. 

[0025] In addition, conventional method in order to do low te 
nsion winding, ft retracts after for example 2nd godet roll 
making use of tension cut roll, it is possiblefurthermore to 
stabilize package geometry by such as pressure roller drive 
winding of the winder with conventional winding method 
jointly using. 

[0026] As for intrinsic viscosity of polypropylene terephthalat 
e of this invention it is desirable to be aO. 5 or greater 1.2 or 
less. Under 0.5 fineness unevenness and yam break occur 
frequently at timeof yam-spinning such as doing, stabilizing, 
assuming, that yam-spinning itbecame difficult, acquired to do, 
there are in practicalaspect times when such as tenacity and 
resistance bending wear property it is inferior. In addition 
when intrinsic viscosity exceeds 1 .2, because melt 
viscositybecomes too high, being inferior to gear pump or other 
metering behavior , stabilizing with the poor discharge , yam- 
spinning it becomes difficult, to do, is a tendencywhich 
becomes something where texture of fiber which is acquiredis 
hard are times when it is not desirable, intrinsic viscosity of 
more preferably PPT is 0. 8 or more 1 . 0 or below. 

[0027] Single fiber cross section shape of fiber of this invention 
it is not something whichespecially is limited and if multilobal 
shape of round , triangle , the flat and 3 to 8, hollc£ in 
combination with to application objective, itselects 
appropriately, it is good. 
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w ;*ttKf^>P>UCT-i OOSfflL>taSLfc, 



ttfl»*AnliOLYMPUStt«BH-2fiifc £ ffl 

***>*:. di*«it«i>it>T?a>rfciwta*y*ftfc. 



^@0. SmOttRltffllV ;bSfcy 1 /30 gO> 

tt«a$AMt6oa/»<Disa-e*#iiL. #*ai oao 
/jN*-t$o< y % to«faa>2ofto>«a*AMtr*-trftSi4 
*ic»a«i*-ru tw« 1 oo°co)^*«i3i s» 
NULfeityniu §«ste«Lsr;«D^aa)2ofga)^ 
as^i+r**«B^y*(Dai=j:y»*j|^***fflL 



[00 2 9] 

RMetttt* (%) = [ (LO-LD /lo] xioo 

LOraaSKDfi* (mm) 
L 1 : (mm) 
E. StSgCFfiS 

J I S L 10 13 (fc¥**7-r7*>h*KB*a) 

OBfcU 2*&ga>¥$filL (mm) frbT5t<fc y C Ffil ( 
Coherence Factor) £3fc#>fc 0 



[0028] 

[Working Examples)] This invention is explained in detail with 
below Working Example . Furthermore it sought each 
characteristic value in Working Example with thefollowing 
method. 

A. intrinsic viscosity [ ] 

It melted sample 0. 1 Og vis-a-vis ortho-chlorophenol 1 0 ml, it 
measured making use of theOstwald viscometer in temperature 
25 °C 

B. tenacity 

Tenacity and Young's modulus , it measured making use of One 
ntech Corporation (DB 69-607-3550) supplied Tensilon U CT- 
lOOaccordingtoJIS L1013. 

C. birefringence ratio n 

Birefringence ratio n sought birefringence ratio n= /dfro 
m retardation and light path length d making use ofthe 
Olympus Optical Co. Ltd (DB 69-053-6248) supplied BH - 2 
polarizing microscope. Furthermore , it sought d from and 
thefiber diameter with fiber cento*. 

D. boiling water shrinkage ' 

Making use of wrap reel of frame periphery 0.5m, per denier y 
ou apply initial tension ofthe l/30g and rewind with speed of 60 
times pa* minute, make small skeinof winding several 10 time, 
apply load of 20 times of initial tensionand measure skein 
length, load was removed next, sample 15 min after soaking, 
theremoval and natural drying was done in hot water of 100 
°C and again theload of 20 times of initial tension was applied 
and skein length was measuredand hot water shrinkage was 
calculated with next formula . 

[0029] 

Hot water shrinkage (%)=[(U) -L1)/L0] X 100 
Here, LO: Length (mm) before soaking 
L 1 : Length (mm) after air dry 

E. degree of intermingle CF value 

It measured with condition which is shown in degree of intermin 
gleofJB L 1013(chemical fiber filament yam test method)7. 
13. number of tests made 50 time, from mean value L(mm) of 
entanglement length soughtthe CF value (Co herence Factor) 
from formula below. 
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[Htfifli] v>^;utU7^;uKi 9. 4 kg. i. 3- 

UL00XXT;U£&Elfc£f70*:». Se>lC. 2 5 0t£ 



[0030] CF value =1000/L 

[Working Example 1] While using dimethyl terephthalic acid 1 
9.4kg, 13 - propanediol 15.2kgandtetnfoutyl titanate 
distilling rnethanolwith 140 °C to 230 °C as catalyst, after 
doing transesterifi cation , furthermore, youpolymerized 3 hours 
under 250 °C temperature fixed condition and intrinsic 
viscosity [ ] acquiredthe polypropylene terephthalate of 0.89. 



[0031] ca>jKyTtffl^H2a>j:5i=tt*(ia)«i =r 

0. 3mm0 x 3 6?ia)Q&^^t^r. ttdlS3 5. Og/ 
#T?ttffl L 3 0 0 Om/#0tt*aKT?3l#Bty OOX^- 

*i7^^a>tL, tt5fSl*fcmS££«£LTO. 8% 
£U SfbCE^EO. 1 5MPaTiX»ffiSy X;i/4|3«fc 

yaaKati=«fe4»»»«taLfc. ca>*0att*«K 

#«ya, 1 2RfHisi«i-aiSLfcffi^ft4o cougars]* 
e#*i*. uxfc y attoamfb^«» 



[*te«ij2] aam ^fqiaizLTft&tL^antta [»] 

#0. 8 9<Z>tKU:7p tf l/>fl/7^ U- h £0 3 <7>&fc® 
*fflt^tt*aa2 6 0 B CtfttUTLa*<0. 3mm0x36?L 
<Dn££ffll*T, ttdiS3 5. Og/#T?ttBJU 3000 

m/»a>tt*as-e5itifcyooi 1 o°ciz»a!»$Hfrm2 

zf^-p-;H 5?ttaM£m**BftMM*£a*a 
X»<>X;U 2l;£y83ftaizj:££«a9$&Lfc. d 

a#*f*. mmm tB«i=a*»tt4iSSLTfcyatt<D 



*H*»««2i:R|»lZL-C«iBfil*B#**«**ofc. C 



[tt««1] aft0l£H«l;LT*&fefcaRttK [n] 



[003 1 ] Making use of this polymer like Figure 2 with spinning 
machine where steam heat treater 6is installed in 1 st godet roll 
5 of spinning machine and between 2nd godet roll 7 with 
thespinning temperature 260 °C aperture diameter it 
discharged with extrusion amount 35.0 gfarinute making use of 
spinneretof 0.3 mm diameter X 36 hole, while with spinning 
rate of 3000 m/rrrin takeup it didthe moist heat treatment of 
1 10 °C with steam heat treater 6 and retracted highly oriented 
undrawn fiber, finish due to lubricating equipment 2 made 
aqueous emulsion of active ingredient 10 %, deposited amount 
madeiurthermore with pressure 0.1 5 MPa 0.8 % with yam 
weight as reference, theentanglement process due to high speed 
stream with entanglement process nozzle 4 administered, 
property of this yarn Table 1 and extension and contraction 
ratio are shown in theFigure 1 . In Table 1 , value immediately 
after yam-spinning is value which wasmeasured after windup 
and within 1 2 hours, It wound this highly oriented undrawn 
fiber, and also shape stabilized and change over time ofthe 
property was little. 

[Working Example 2] Intrinsic viscosity [ ] which it acquires 
in same way as Working Example 1 polypropylene 
terephthalate ofthe 0.89 making use of spinning machine of 
Figure 3 did dry heat treatment with the2nd godet roll 1 5 which 
with spinning temperature 260 °C aperture diameter discharges 
with extrusion amount 35.0 g/minute makinguse of spinneret 
of 0.3 mm diameter X 36 hole, while with spinning rate of 3000 
nVminthe takeup is heated to 1 10 °C and retracted highly 
oriented undrawn fiber, entanglement process due to high speed 
stream with finish application and entanglement nozzle 1 2 due 
to thelubricating equipment 1 0 in same way as Working 
Example 1 was administered, property of this yam Table 1 and 
extension and contraction ratio are shown in theFigure 1 . It 
wound this highly oriented undrawn fiber, in same way as 
Working Example 1 and also shapestabilized and change over 
time of property was little. 

[Working Example 3] Other than thing which does not adminis 
ter entanglement process due to thehigh speed stream highly 
oriented undrawn fiber was retracted with as similar to Working 
Example2. property of this yam is shown in Table 1 . 

[Comparative Example 1] With spinning temperature 260 °C 
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[0032] 

[Si] I 

$1 



aperture diameter it discharged with extrusion amount 35.0 
g/minute making use ofthe spinneret of 0.3 mm diameter X 36 
hole, intrinsic viscosity [ ] which it acquires in sameway as 
Working Example 1 polypropylene terephthalate of 0.89 
making use of conventional spinning machine of theFigure 4 
retracted highly oriented undrawn fiber with spinning rate of 
3000 m/min. entanglement process due to high speed stream 
with finish application and entanglement nozzle 20 due to 
thelubricating equipment 1 8 in same way as Working Example 
1 was administered, property of this yam Table 1 and 
extension and contraction ratio are shown in theFigure 1 . As 
for this highly oriented undrawn fiber, with several hours after 
windup shape such as earstanding became unstable, also change 
over time of property was large. 

[0032] 

[Table 1] 









mm 2 


mm 3 


JtttflM 


ft 


mm. 


(D) 


1 1 5 


1 1 4 


1 1 4 


1 1 4 


flWt (g/d) 


2. 6 


2. 6 


2. 7 


2. 6 




m i%) 


1 1 0 


1 1 0 


11 5 


1 1 8 * 


m 


mm (xi o- 3 ) 


45 


4 3 


4 3 


50 






(%) 


4 


7 


7 


4 2 I 




U5SN 


(%) 


0. 8 


0. 8 


1 . 0 


0. 8 




CFH 


6. 5 


6. 9 


0 


5. 8 




m& (d) 


1 1 5 


1 1 4 


1 1 4 


1 1 4 


1 


as (g/d) 


2. 6 


2. 6 


2.7 


2. 6 


s 




1 1 1 


1 0 8 


1 1.6 


1 2 6 


IS) 


m% (xio- 5 ) 


4 5 


4 3 ; 


4 4 


5 2 




<%) 


4 


7 


7 


2 0 




U%N 


(%) 


0. 8 


0. 8 


1 . 0 


1. 5 




CFffl 


6. 3 


6. 8 


0 


6. 0 
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«&<z>&i$£{b £ TO L«feSl= 7 u**> if y r -r $ 
B#*fecki;*©HJt*atB«'r4Cfc*<pIffii:<f6. 



[0033] 

[Effects of the Invention] With this invention , control proble 
m with 2-step method of polypropylene terephthalate highly 
oriented undrawn fiber and^namely change over time of fiber 
after yam-spinning give flexibility inproduction productivity 
improving it becomes possible to offer polypropylene 
terephthalate highly oriented undrawn fiberand its 
manufacturing method which can. 



[BB4)ffii»&K91] [Brief Explanation ofthe Drawing(s)] 
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[02] » K a 2 zrr-n-;uraizx^-AAQt&gH£K 

[03] *2=Tt— q— ;u=*? hp— ;b*<ia^a*4ifctt 

[04] ft3K0)SIB^*S#«$ft«fe«)a)lll«SBa)1ffl 
[ff«0IMJ] 

K 9. 17: 

2 , 10, 18: jgft&S 

3 , IK 19: 

4, 12, 20 : 

5. 13, 2 1 : »1 Zfx-P-;U 
6 : X^-A^flV^ffl 
7,22: 352 =fx— P-;U 

8, 1 4, 2 3 :#UM» 

i 5 : ^2ifT-p— ;u kp-;u) 
1 6 : -tr/<L/— Kp— ;u 



[Figure 1] It is a figure which shows extension and contraction q 
uantity of polypropylene terephthalate highly oriented 
undrawn fiber. 

PFigure2]Itisaproc^(fiagramwhichshows 1 example of spin 
ning equipment whichinstalls steam heating equipment between 
1st and 2nd godet roll. 

[Figure 3] It is a process diagram which shows 1 example of spin 
ning equipment where thehot roll is installed in 2nd godet roll. 

[Figure 4] It is a process diagram which shows 1 example of spin 
ning equipment in order toobtain conventional highly oriented 
undrawn fiber. 

[Explanation of Reference Signs in Drawings] 
1 and 9, 1 7: Yam-spinning block 
2, 1 0, 1 8: Lubricating equipment 

3 and 1 1, 1 9: Unstretched fiber 

4 and 1 2, 2 0: Entanglement nozzle 
5, 13,2 1:1st godet roll 

6: Steam heat treater 

7 and 22: 2nd godet roll 

8 and 14, 2 3: Winder 

15: 2nd gpdet roll (hot roll) 
16: Separate roll 
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